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ABSTRACT 


4The  present  paper  gives  the  data  of  the  observation 
of  the  polarization  of  light  scattered  by  fog  at  different 
angles,  and  the  absorption  of  light  in  natural  fogs.  The 
result  of  observation  does  not  coincide  with  the  theoretical 
data.  In  order  to  explain  the  discrepancy  between  observation 
and  theory  the  hypothesis  of  the  presence  of  submicroscopic 
drops  in  fogs  Is  proposed. 

1.  Presentation  of  the  problem 

Since  1940  the  Institute  of  theoretical  geophysics 
commenced  a  complex  study  of  the  optical  properties  of  fogs 
in  relation  to  their  physical  properties.  The  present  paper 
describes  the  results  of  the  first  year  of  investigations. 

During  the  last  12  to  15  years  many  investigations, 
amongst  them  a  number  of  comprehensive,  have  been  carried 
out  on  the  study  of  fogs.  After  several  authors  have  revealed 
that  fogs  are  more  transparent  to  infra-red  rays  than  to 
visible  rays,  this  problem  became  the  centre  of  attention. 
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sincv.  it  assumed  more  practical  importance.  Therefore,  it 
first  of  a-1  became  necessary  to  re-evaluate  the  possibilities 
of  infra-red  rays.  They  began  to  be  looked  upon  aa  a 
universal  medium. 

However,  such  a  conclusion  had  to  be  abandoned 
after  a  more  careful  all  around  investigation  of  the  phenomena. 
In  many  cases  the  fog  revealed  pc  r  transparency  to  infra-red 
rays.  A  great  deal  of  factual  material  was  collected,  much 
of  which  was  of  a  contradictory  nature.  The  practical 
investigators  were  not  always  able  to  obtain  from  the  physicist 
and  geo-physicist  clear  descriptions  on  the  procedure  and 
methods  for  the  utilization  of  infra-red  rays  in  a  fog  and 
often  were  forced  to  act  according  to  their  own  judgments 
and  take  risks.  Due  to  certain  complexities  of  the  phenomena, 
such  an  empirical  approach  invariably  leads  to  negative 
results  in  many  cases.  Therefore,  there  now  exists  en 
indifference,  and  sometimes  even  a  skeptical  attitude  to  the 
problem  amongst  the  practical  investigators  particularly 
when  speaking  of  the  possibilities  for  photography  and  photo 
elements  in  the  region  near  to  the  infra-red.  And  although 
many  countries  are  investigating  the  spectral  transparency 
of  fogs,  the-  possibilities  for  practical  utilization  of 
infra-red  rays  in  a  fog  are  at  the  present  even  loss  definite 
than  heretofore. 

On  the  basis  of  a  critical  analysis  of  the  published 
literature,  we  came  to  the  conclusion  that  such  an  attitude 
to  the  problem  does  not  correspond  to  the  reality  of  the  case. 
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A  j  .  i,  L  ii  »IT*n  »  rod  rny;;  car.not,  bo  i,iviu  I'fOjU  os  a 

uu  L  I  urn  in  a  fog  which  could  ho  on  ally  utilized, 

however  this  phenomena  undoub torlly  contains  a  number  of 
pon.oibiill.lo'!,  the  utilization  of  which  could  bo  cffoct’"3. 

There  nro  no  fogs  "i^iiorn liy" ;  a  fog  la  a  complex 
meteorological  phenomena  which  is  distinguished  uy  a  multiplicity 
of  properties:  ono  fog  aoo3  not  rosomblo  another.  Tho  physicist 
and  goo-phyn icist  must  give  (hut  so  far  r-  ’e  not  done  30)  u  clear 
reply  regarding  tii«  factors,  which  dntornino  tiio  actual 
transparency  of  each  concrete  fog,  and  must  give  convenient, 
simple  methods,  ">hich  would  permit  the  obtaining  of  necessary 
information  about  fops  under  practical  conditions.  Finally,  it 
must  bo  clearly  statod  what  generally  can  and  what  cannot  bo 
expected  from  the  adaptation  of  infra-red  rays  in  fogs. 

Having  in  mind  several  concrete  methods  for  tho  solution 
of  the  stated  problem,  we  undertook  our  investigation,  evon  though 
in  order  to  obtain  final  results  a  great  deal  (severul  years)  of 

time  will  be  required  due  to  the  complexity  of  the  phenomena. 

2 .  The  Methods  of  Measurement 

A  successful  solution  for  tho  prosent  problem  is  posaiblo 
only  if  a  complex  mo tho d  for  tho  investigation  is  adopted:  It  is 
'■’ssentinx  co  rocord  simultaneously  a  number  of  properties  of  fog  . 
This  is  necessary  bocauso  of  the  complexity  of  fog  as  a  physical 

phenomena  * 

Tho  plan  of  tho  first  year  of  work  consisted  in  carrying 
out  the  following  procedures : 

(a)  Photo-electric  measurements  of  the  transparency  of  n  fog 
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in  the  visible  and  infra-rod  of  the  spectrum  (from 

450-1000  rr./'f).  For  a  hotter  interpretation  of  tho  results 
we  decided  not  to  use  light  filters,  in  order  to  separate 
tho  essential  sections  of  the  spectrum,  ana  included  a 
mono  chroma  tor  in  the  installation. 

The  properties  of  photo olectric  measurements  are 
known,  but  under  fog  conditions  it  is  necessary  to  tako  into 
account  some  of  the  shortcomings  of  this  method.  In  ordo. 
to  obtain  fairly  detailed  curvos  for  the  3poctral  trans¬ 
parency  of  a  fog,  it  Is  noccssary  to  take  measurements  in 
not  less  than  12-15  points  cf  tho  spectrum.  Since  tho 
measurements  for  the  individual  points  must  be  nado 
consecutively,  a  change  in  the  properties  of  tho  fog  during 
that  time  may  result.  Thig  can  be  avoided  by  adopting 
photographic  spectrophotometry. 

(b)  The  Spectro-Photographlc  Method 


A  projector,  containing  a  100  watt  lamp,  was  u-od 
as  the  sourco  of  light.  At  a  distance  of  275  M.  from  the 
projector  a  spectrograph  was  installed  (Fig.  1).  Two 
spectrographs  were  used  simultaneously.  One  was  a  solf-made 
spectrograph  with  a  relative  aperture  f:4.5.  ,phe  longth 
of  cho  spoctrum  from  4  00-600  m /\  was  12  mm.  tho  linear 
d?  sponsion  is  13  m/t/mm.  in  the  region  400-450  m/K  and 
43  m /<  /mm.  in  the  rogion  of  5U0  m/4-  . 
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;  ...  v.;,  v is;.. a  1  gave  a  spectrum  of  50  inn.  In 

r  ;  ;  .....  .  j  x  l  •  f  ;vn  v->  lengtns ,  and  had  a 

;  .  •  r  .  .•  r.  /•  in  the  region  400*450  myo  , 

(/l  /  :  ,■  j  .  ;  l  . .  ;•<  /.  loi.  o  f  no  0  m  ^  > 

'i1;  i.  ■  .-..up  I  no  :,:cci.rn  wore  made  on  Agfa 


]  >  l*’  i  1 14  3  Oi  t ;  l ( I  H  0  ^  l  ? ; 


The  transparency  of  the  fog  wu a 


determined  after  comparing  the  spectra  obtained  on  one  and 
ti:o  same  plate  iii  a  fo,-,  and  without  fog.  For  the  construction 
of  the  charac  tor  is  t.  Lc  curves,  we  used  a  stop  wed  go  for  the 
spectrograph  silt. (this  step  wedge  Is  obtained  by  u  cathodic 
dispersion  of  platinum  onto  a  glass  plate). 

Prom  th.is  data  we  obtained  the  transparency  curves 
for  -he  region  from  410-540  nM  . 

(c)  Tiie  Kicruphotogra phy  of  Fog  Drops. 

In  order  to  determine  the  radii  of  the  drops,  photos 
wore  taiccr:  by  a  camera  connected  with  a  microscope.  Tho  drops 
were  deposit'd  on  a  glass  plate  covered  with  a  special  grease. 
The  details  of  tho  .so  Measurements  were  published  in  a  }  apor 
by  D.  P.  dmirnov  (Izvostiu  of  the  Academy  of  Sciences, 

U.S.S.H.  Geographic  and  Geophysic  Soction,  No.  5.  Ml.). 

(d)  Tho  Me /i  surem.ent  a  of  the  Moisture  in  a  Fog. 

The  procedure  wo  raced  out  for  tho  so  measurements 
is  3 1 1 1 a  unsatisfa  tory.  Smirnov  utilized  n  somewhat  bettor 
math.ee  than  t  ha:  »:  h*><:  of  the  he  a  tad  Ass:. ran 


psych.rome  ter 
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-it:,  tho  aid  of  a  ho..  zcv ,  installed  on  tho  psychrum.o  ter ,  the 
drops  ol  tno  fog  arc  evaporated;  tho  increase  in  tho  quantity 
of  water  vapour  determines  tho  moisture  content.  Tho 
calculations  arc  carried  out  by  tho  differences  in  tho 
readings  of  tho  two  psychrornot era,  ono  heated  and  one 
unbonded.  For  details  of  theyo  measurement s  see  tho  above 
r.onticnod  paper  by  Smirnov. 

( o )  The  Measurements  of  the  Polarization  of  Light  Scattered 
by  tho  Fog  Under  Various  .-.nglos. 

For  these  measurements  wo  used  a  Cornu  polarime ter . 
'The  measurements  were  made  at  angles  of  60,  00  and  120°. 

These  observations  wore  made  in  order  to  explain  the  hypo tho sis 
of  "sub  microscopic"  particlos  in  a  fog,  which  is  described 
bolow. 


The  gonorul  position  of  the  ins trumonts  during  tho 
time  of  measurements  is  shown  on  Fig.  1.  A  largo  working 
distanco  (275  M)  was  soiected,  in  order  to  insure  tho  study 
not  only  of  the  fogs  but  al30  of  hazos  having  a  visibility 
of  2-3  KM.,  sinco  such  hazes  are  a  frequent  phenomena  in 
many  geographic  as  nos. 

Tho  measurements  wore  carriod  out  in  natural  fog3 
at  points  in  flat  country  and  far  a-vny  from  populated  places. 
Work  over  largo  diatar.cos  demands  groat  sensitivity  of  the 
photo  electric  apparatus,  particularly  in  the  case  when,  a 
monochromator  with  a  narrow  slit  is  used.  nee  It  ws 
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The  photo  electric  apparatus  was  rat  .'o  by  a  somewhat 
different  ache  no  than  that  oh  Dubri.go  (rig.  D  ) .  Individual 
alkali  accumulators  oh  large  capacity  v  03  A .  H ) ,  connected 
in  parallel,  were  used  as  the  supply  source  hor  the  cathodes 
of  the  tubes.  Thus  it  war,  possible  to  have  joed  stability 
without  resorting  to  recharging.  During  the  two  months  of 
the  field  work  the  seif  discharge  of  the  accumulators  was 
brought  to  a  minimum  by  carefully  insulating  them  from  the 
walls  of  the  metallic  boxes.  All  the  parts  of  the  circuit, 
including  the  galvanometer,  were  carefully  sealoc.  Tubes 
CI-2  operating  on  lowered  voltages  (VH<**^2V)  were  used  as 
amplifiers . 

.K 

The  sensitivity  of  the  apparatus  was  4.10  A 
for  1  mm.  of  the  galvanometer  3cale.  Due  to  a  specially 
soiocte-d  procedure,  tho  galvanometer  deviations  wore 
proportional  to  the  light  flow,  ovit  tho  whole  scale. 

A  vacuum  oxygen-caesiua  nr.otc  element  having  a 
sensitivity  of  30/tA/cm  for  a  dark  current  of  the  ^rder 
i. 10”^  Amps,  prepared  by  the  vacuum  laboratory  VD1,  was 
used  as  the  photo- element. 
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Tho  stability  of  t hr.  circuit  is  expressed  by  a 
creep  of  1-2  mm.  or  tho  scale  of  the  galvanometer  for  a 
duration  of  1-2  hours. 

The  optical  part  oi'  the  apparatus  consisted  of 
a  mono chroma tor  with  a  slit  width  from  0.1  to  0.2  mm.  The 
schematic  of  the  apparatus  is  shown  on  Fig.  3. 


4.  The  Results  of  the  Polarisation  Measurement  ar.d  Their 
Interpretation. 

Simultaneously  with  the  other  measurements,  a 
determination  of  the  degree  cf  polarization  of  light  scattered 
by  the  fog  at  angles  of  oO,  90  and  120°  was  carried  out. 

The  measurements  wore  carried  out  visually  with  the  aid  of 
a  Cornu  polarineter  (A  -lias tor.  prism  gives  two  images  of 
tho  square  of  the  entry  opening  to  the  instrument;  with  the 
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accord!:. to  Ray *e!gn ,  ana  tne  otr.or  according,  so  ...ie,  then 
the  relative  shire  of  the  two  cor.poner.ts  will  depend  on  [  • ! 
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If  In  (110)  is  the  intensity  of  scattering  by  hi e  at  ^  =  120°, 


and 

Im  (60)  is  at 

^  -  60° ,  and 
1 

fo 
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components  wi 
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(120)  and 

from 

the  above  it 

follows  that 

Im 

(120; 

^  I-.  (60) 

same 

time  Ir  (120) 

=  Ir  (60), 

If 

both 

types  of  s 

simultaneously,  then  the  total  intensities  will  be:  I  (120)  =  Im 
+  Ir  (120)  and  I  (60)  -  Im  (60)  +  Ir(60).  The  share  of  the  Rayleigh 


scattering  for  both  cases  will  be 


y (120)  =  Ir  (120) 
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y (60)  =  Ir  (60) 


and 


It  in  apparent  that  y(60)»—  y(120).  But  the  Rayleigh 
scattering  is  more  strongly  polarized  than  the  scattering 
according  to  Mio,  hence  it  la  natural  to  expect  that  the  greater 
/  (  (jj  )  t  the  greater  will  bo  the  degree  of  polarization  of 
the  scattered  light  for  a  given  [Jj  . 

From  this  point  of  vibw,  curves  of  the  type  shown  on 
Fig,  4  present  proof  that  the  Rayleigh  scattering  4 '  noticeably 
present  in  the  ;otal  scattering  of  light  by  fogs.  'The  question 
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necessary  tc  discus  a  the  existir.; 
oT  the  reduction  of  light  by  fogc .. 

Disregarding  the  question  of  the  selective  absorption, 
the  known  theory  by  Stratton  and  Houghton  gives  a  lav- 
characterizing  the  basic  factor  of  the  reduction  in  light: 
dispersion  (from  now  on  we  will  consider  the  regions  of 
visible  and  infra-red  spectra  up  to /\  -  lytfor  which  our 
measurements  are  taken).  The  scattering  coefficient  according 
tc  Stratton  and  Houghton  is  equal  to  k  =  2  ir  nr^k,  where  n 
is  the  number  of  the  drops  of  radius  r  in  1  cm. 3  of  fog,  and 
k  is  a  function  of  r  and  ^  ,  shown  on  Pig.  9,  where  along 


the  abscissa  x  =  2  ~TT  r  are  plotted.  At  a  given  r  this  curve 


determines  the  spectral  course  of  the  fog  transparency,  by 
changing  r,  the  spectral  course  changes.  The  region  of  small 
x(x-^4)  corresponds  to  the  Rayleigh  scattering,  and  the 
region  of  large  x(x=»-l4)  gives  the  neutrality  of  the  fog 
and  even  a  decrease  in  the  transparency  in  the  direction  of 
the  infra-red  rays. 
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Considering  the  region  of  the  spectrum  400  n/f  ^  ^  -£- 
1000  ,  v/c  have  for  x  =  14  the  condition  0.9/T-^  2.2yc. 

Therefore,  for  a  fo-,  the  drops  of  which  have  a  radius  larger 
than  2.2^,  we  must  expect  neutral  transparency  and  even 
sene  decrease  in  transparency  in  the  direction  of  large  /“i  . 

Does  this  correspond  to  reality?  To  this  question 
we  must  give  a  negative  reply.  Going  somewhat  ahead  of  the 
story,  we  will  cite  some  data  on  transparency,  obtained  by  us. 

A  curve  of  fog  transparency  measured  by  the 
photo-electric  apparatus  Oct.  4,  1940,  is  shown  on  Fig.  10 
(curve  1).  The  time  of  measurement  was  5.45  a.m.  The 
transparency  noticeably  increases  in  the  direction  of  the  larger 
On  Fig.  11  are  shown  the  radii  of  the  drops  measured  at 
at  the  same  time  (5.40  a.m.).  The  predominating  dimensions  of 
the  drops  are  r  =  1.7/4.  If  on  the  basis  of  the  distribution 
of  the  radii,  we  calculate  the  theoretical  course  of  the 
transparency  by  Stratton  and  Houghton,  we  obtain  curve  2  of 
Fig.  10.  (It  is  hardly  necessary  to  point  out  that  in  the 
presence  of  drops  of  various  dimensions  In  a  fog,  the 
substitution  In  the  Stratton  and  Houghton  formula  is  connected 
with  the  necessity  for  calculating  the  individual  radii  and 
with  a  consecutive  summation,  called  for  in  similar  cases). 

A  comparison  of  the  theoretical  and  experimental 
curves  clearly  illustrates  an  essential  discrepancy. 
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Kc ugh ton  theory  (1031)  there  were  no  works  introducing  anything 
now  into  the  explanation  oh  this  pro  bier..  Nothing  more  was 
added  than  ror c  exact  ra them ti cal  calculations,  although 
some times  these  were  very  essential  by  t hems e ives ,  Occasionally 
indications  are  encountered  that  the  theory  of  Stratton  and 
Houghton  is  a  rough  approximation.  It  is  doubtful  whether  such 
assumptions  have  a  serious  basis.  The  limitations  introduced 
by  the  authors  into  the  original  assumptions  of  their  theory 
have  a  completely  definite  meaning,  the  elimination  of  these 
limitations  can  only  give  more  precise  results,  but  cannot 
change  the  basic  reasoning  (particularly,  in  relation  to  the 
fact  that  starting  from  a  drop  of  a  known  radius  the 
scattering  becomes  practically  neutral).  The  improvement-  of 
the  existing  theory  for  the  transfer  of  light  through  fogs 
consists  according  to  our  point  of  view,  not  in  the  improvement 
of  the  Stratton  and  Houghton  theory  (in  any  case  this  approach 
cannot  be  the  basic),  but  by  finding  new  physical  factors 
which  essentially  affect  the  course  of  this  phenomenon. 
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Often,  the  observed  deviations  beteen  theory  and  actual 
measurements  arc  s-  great  that  no  agreement  is  possible 
without  a  definite  change  in  the  basic  concepts. 

It  appears  that  from  this  point  of  view  particular 
attention  is  demanded  by  the  problem,  which  was  encountered 
in  the  discussion  of  the  results  on  the  polarization 
measurements  -  the  question  on  the  presence  of  carriers  of 
the  Rayleigh  3catterers  of  light  in  a  fog  consisting  of  large 
drops. 

6.  The  Hypothesis  of  the  "Submicro scopic"  Particles  in  a  Fo 


We  will  assume  that  in  a  fog,  in  addition  to  the 
drops  measured  by  photomicrography,  on  the  basis  of  which 
the  calculations  are  always  carried  out  by  substituting  the 
value  for  the  radii  in  the  Stratton  and  Houghton  formula, 
there  are  also  drops  whose  dimensions  are  so  small  that  they 
are  invisible  under  the  microscope.  These  two  types  of 
particles  we  will  for  brevity  name  "microscopic"  and 
"submicroscopic" .  The  assumption  that  such  "submicroscopic" 
particles  are  present  in  a  fog  is  quite  plausible  from  the 
point  of  view  of  general  physics.  Their  presence  will 
essentially  show  itself  in  the  optical  properties  of  a  fog. 

We  will  first  analyse  the  share  of  the  submicroscopic  particle 
in  the  total  scattering  of  light  by  a  fog. 
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In  addition  to  the  large  particles 
res....:  in  a  fog  small  particles 


in  1  cc.  by  ny  and  no.  The  total  scattering  coefficient  will, 

2  2 

therefore *  be  proper t i ora I  to  the  sum  n^r  +  n2r2 >  and  the 
share  of  the  scattering  due  to  the  small  particles  by  comparison 

with  the  large  v/ill  be  determined  by  the  ratio  2  =  norpjl 

- . —  '<-*  * 

ni^i 

The  relation  of  the  mass  concentrations  will  be  cetermined  from 
tho  fraction  tS‘~-  n gr2°  _  from  here  z  =  ^rl 

"In3-  FJ 

For  clearer "es  we  will  calculate  one  numerical  example. 

Let  2  =  1,  T]_  =  6/(  >  ?2  ~  .  *Ve  find  that  =  Z  r2  =  0.05. 

rl 

This  means  that  the  small  particles  will  bring  about  the  same 
scattering  of  light  as  the  large,  if  their  mass  concentration 
constitutes  only  5%  of  the  total.  Quite  small  quantities  of 
water,  when  they  appear  in  the  form  of  small  drops,  produce 
a  very  large  optical  effect. 

Carrying  out  similar  calculations  it  must  be 
remembered  that  for  particles  which  are  very  small  compared 
with  the  wave  length  of  light  the  dependence  on  the 

radius  will  be  different:  according  to  the  Rayleigh  formula, 
the  intensity  of  scattering  is  inversely  proportional  to  tho 
square  of  the  volume. 
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r.LrL.°  ,  from  here  Z  =  C*rl^  0  In  other  words , 


at  a  given  mus3  concentration  of  drops,  the  particles  for  which 
r  ^jgrh A.  scatter  proportionally  f>  the  cube  of  their  radius, 
but  for  large  drops  the  scattering  is  inversely  proportional 
to  the  radius.  At  what  dimensions  of  the  particles  does  one 
law  transform  into  the  other?  Turning  to  the  theory  of  f.'ie 
wc  become  convinced  that  such  a  transition  takas  place  when 
r  is  of  the  order  of  0.1,/t,  if  we  take  into  consideration  the 
scattering  of  visible  radiation.  A  polarisation  curve 
calculated  by  the  Mie  theory  is  shown  on  Pig.  8.  This  curve 
shows  that  the  Rayleigh  law  for  scattering  does  not  hold  for 
values  of  r  0.1^. 

However,  it  must  be  remembered,  that  the  1.1  ie 
calculations  relate  to  colloidal  solutions  of  metals.  For 
water  the  optical  constants  have  different  values,  but  the 
order  of  the  magnitude  for  the  transition  values  of  the 
radius  remains  the  same.  From  the  curve  by  Strattion  and 
Houghton  (Fig.  9)  wo  observe  that  the  region  x<4  is  the 
region  of  the  Rayleigh  scattering.  From  the  equation 
x  =  2  7T  r,  assuming^  =  500  mXand  4,  we  obtain  r  0.3>v. 
Thus,  drops  of  radii  several  tenths  of  a  micron  appear  to  be 
the  transitional  drops  from  the  Rayleigh  scattering  to  the 
Mie  scattering. 
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.  t  ter  if.,-  coefficient  (In  the  usual 


units )  per  u:.i  t  mu.;  .  ^f  v.,-i  Tt;r ,  i..  relation  to  the  radius  of 


the  drops,  thr 


. s  in  the  fog  is 


expressed.  It  i t.. 


t.,c  re  iwr.  of  the  radii  which 


are  too  small  to  be  ob 


,'j  nr.o  usual  microscope  that 


the  scattering  coef  f  loicr.t  reaches  par  icularly  large  values. 

For  the  optics  of  a  fog,  it  is  particularly 

important  that  the  submicros cop ic  particles,  which  scatter 

according  to  the  Uayleigh  law  (or  "v*aa  si -Rayleigh"  ,  i.e., 

- 1 

the  dispersion  coefficient  is  proportional  to ^  where  t  ^  1 : 
this  is  the  transition  region  on  the  Stratton  and  Houghton 
curve),  increase  the  transparency  of  fogs  for  infra-rod  rays 
comparatively  with  the  transparency  for  visible  rays. 

The  particular  importance  of  this  condition,  as 
follows  from  tho  earlier  statement,  arises  from  the  fact 
that  if  by  a  direct  measurement  in  one  or  the  other  case  it 
has  been  established  that  the  drops  in  a  fog  have  an  r3»  2 
und  that  uncor  those  conditions  the  transparency  Increases 
in  tho  direction  of  larger/^  ,  then  each  such  case  becomes 
unexplainable  from  the  point  of  view  of  the  Stratton  and 
Houghton  theory.  But  it  is  precisely  such  cases  that  appear 
to  bo  typical  for  fogs.  As  one  example  out  of  many,  we  will 
cite  tho  curves  obtained  from  the  measurement  of  fogs  on 
tho  VX.  Elbrus  carried  out  by  the  Optical  State  Institute 
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for  the  transparency  are 
of  a  fog  having  large  and 


Li.bov.jV,  Cherniav).  Two  curves 
shown  on  Fig.  18.  3oth  curves  are 
almost  uniform  drops  (r=  8  and  ) 


but  the  spectral  course  of  the  transparency  is  diff- rent. 
Moreover  at  such  large  values  of  r.  the  increase  in  t..e 
transparency  in  the  direction  of  larger  /}  car.no p  be  in 
agreement  with  the  Htrutcon  and  Houghton  theory. 

On  the  contrary,  if  we  take  into  account  the  part 
of  the  submicroscopic  particles,  then  the  increase  in 
transparency  in  the  direction  of  larger^ becomes  understandable. 
The  example  shown  on  Fig.  14  explains  this  problem  from  a 
quantitative  point  of  view.  We  calculated  the  theoretical 
absorption  coefficient  for  the  wavo  lengths  from  400  to  1000 
for  four  types  of  fogs : 

1.  Monodispersing  fog,  r  =  5/H.  Calculated  by  Stratton  and 
Houghton  (curve  1). 

2.  The  same  fog  but  containing  1,^  (mass  concentration )  of 
drops  r  =  0.2/«  (curve  2).  The  calculations  are  baaed  on 
the  curve  of  Fig.  12  assuming  that  the  submicroscopic 
drops  scatter  according  to  the  Hayleigh  law  (the 
scattering  coefficient -4). 

3.  The  same  fog,  but  the  mass  concentration  of  submicroscopic 
drops  equals  3/»  (curve  3). 

4.  The  same  fog  but  with  a  mass  concentration  of  submicroscopic 
drops  of  6 %  (curve  4). 
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can  be  easily  explained,  since  the  number  and  dimensions  of 
the  submicro scopic  particles  in  a  fo g  undoubtedly  change  with 
time.  Therefore,  one  can  expect  simultaneous  changes  in  the 
spectral  transparency  of  a  fog. 

On  the  ..4  th  of  October,  1940,  we  succeeded  in 
currying  out  a  series  of  simultaneous  observations  for 
polarization  and  transparency.  The  transparency  was  measured 
by  tho  photoelectric  method.  The  optical  properties  of  the 
fop;  were  whanging  with  time,  and  we  succeeded  ir  establishing 
a  parallelism  in  tho  changes  of  transparency  and  polarization. 
It  was  found,  that  with  time  tho  shape  of  the  polarization 
curve  «as  changing  in  such  a  way  that,  from  the  point  of  view 
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!r.  reality  proved  to  be  the  ciso. 

♦hi 3  type  of  agreement  in  the  polarized  zpoctro- 
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s iz.ul  taneous  1  y  carried  out  measurements  or.  the  drops  showed 
tiuit  it  is  impossible  to  harmonize  the  results  of  too 
transparency  measurements  with  the  Stratton  are  Houghton 
theory. 

The  compilation  of  a  similar  series  of  observations 
will  be  our  specific  problem  for  future  work. 

7.  The  Results  of  Measurements  of  the  Absorption  of  Light  by  Fog. 

We  have  obtained  measurements  for  several  dozer, 
curves  of  the  spectral  transparency  of  natural  fogs  by  the 
methods  described  in  (L)  (with  the  aid  of  a  spectrograph 
and  a  photoelectric  apparatus  using  a  monochrome  tor ).  V/e 
will  anulyzo  a  few  those. 

First  we  will  describe  the  fog  which  has  occurred 
in  the  evening  on  the  21st  September,  19-10.  Tz.Is  fog  deserves 
attention  from  the  point  o:'  view  of  the  Stratton  and 
Houghton  the  ry,  since  it  was  isodl spersir'.g  to  a  high  degree. 
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this  wo  could  not  obtain  smooth  curves,  which  must  ;o  taken 
into  account  when  comparing  this  oata  with  the  data  o:'  the 
spectrograph ) . 

The  variation  in  the  transparency  of  the  f or,  for 
infra-red  rays  is  well  Illustrated  in  the  curves  measured  by 
the  photoelectric  apparatus  4th  and  5th  of  October.  These 
curves  are  shown  on  figures  1?  and  16.  a  will  first  analyze 
the  curves  of  October  4th.  ?i£.  17  shows  average  (typical) 
curves  for  the  Given  time  intervals.  (h’ino  curves  were 
o.  ...  ir.oc  during  this  time,  ail  of  them  are  not  shown  due  to 
_ _ _  of  space).  Ail  curves  show  an  undeviated  increase  in 
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the  transparency  in  the  direction  of  larger^  .  They  all 
contradict  the  results  of  the  Stratton  and  Houghton  theory. 

We  have  already  shown  tfte  distribution  of  drops  according 
to  their  radii  for  this  fog  (Pig.  11)  and  the  calculated 
theoretical  curve  (Pig.  10).  It  must  be  noted  that  the 
contradiction  with  the  mentioned  theory  is  of  a  double  nature: 

1.  the  spectral  course  of  the  transparency  is  quite  remote 
from  the  theoretical. 

2.  the  spectral  course  of  the  transparency  changes  with 
time,  at  the  same  time  as  the  dimensions  of  the  drops 
measured  by  a  microscope  remained  practically  unchanged. 

As  has  already  been  pointed  out,  both  these  factors  can  be 
explained  by  the  presence  of  submicroscopic  particles,  the 
number  of  which,  as  follows  from  the  polarization  measurements 
was  also  changing  with  time'. 

The  transparency  curves  measured  on  the  5th  of 
October  give  an  analogous  picture  (Pig.  IS).  Prom  the  curves 
it  is  possible  to  trace  the  dynamics  of  the  change  in  the 
optical  properties  of  a  fog  with  time.  It  is  evident,  chat 
as  the  fog  begins  to  disperse,  it  becomes  more  and  more 
neutral.  This  moans  that  in  this  case  in  the  dispersion  of 
a  fog  the  submicroscopic  drops  are  the  first  to  evaporate. 

Although  the  hypothesis  of  submicroscopic  particles 
gives  an  explanation  for  a  large  number  of  phenomena 
characterizing  the  transparency  of  fogs,  there  are,  undoubtedly, 
specific  ph^nc-ena  observed  in  a  number  of  cases  che 
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!>:■:  p„«  t:ti  -le.-n  t  into  tho  frame  work  of  tho 

prune.:- ;  .  *...  .m»X  schemes.  ?<••  those  fir  at  of  nil  belong 

the  oh:.  ;:,.ivo  absorption.  In  the  infra- rod 

re,  .o;,  o*. aaj.cOl.lvt:  ab  oration  can  be  noticed 

o:.  •  r.:vlvr.:.:ly  cited  curves  lr.  tho  region  850-900  m/*^ 

(FI:.  i.v  and  it* ) ,  F>-r  a  numbe  r  of  cas«3  absorption  can  bo 
rcv-'nlnd  Iii  the  rollon  of  G50-7G0  m/< .  Particular  attention 
from  thlr:  point  of  view,  la  demanded  by  the  selective  absorption, 
revealed  in  the  visible  section  of  the  spectrum  by  tho 
spectrogruphic  measurements.  Fig.  19  shows  30voral  transparency 
curves  obtained  on  tho  80th  of  October,  1940,  which  rovcal  a 
sharply  expressed  selective  absorption  in  tho  rollon  of  600  m/< . 
This  fog  (more  accurately  haze,  i.o.  tho  visibility  wag 
greater  than  1  km.)  lasted  for  several  successive  days  and 
nights.  On  tho  flat  of  October  wo  again  observed  on  tho 
transparency  curves  the  select! vo  absorption  In  tho  samo 
region  of  tho  spectrum  (Fig.  80).  At  present  it  is  not  possible 
to  give  a  theoretical  explanation  for  this  typo  of  curvos. 

Thus  on  tho  4th  of  Octobor  according  to  tho  spoctro -photo graphic 
data  oven  a  mono  intenso  region  of  absorption  was  observed 
ir.  tho  samo  soction  of  tho  visible  spectra,  as  3hown  on  tho 
cur .  o  of  Fig.  81.  Fig.  21  gives  a  theoretical  curve 
according  to  Stratton  and  Houghton  constructed  by  tho  measured 
pho comicrographic  distribution  of  drops  according  to  their 
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We  will  nolo,  that  in  this  case  the  ration  of  tho 

spectra  and  i.ho  radii  of  tho  drops  correspond  to  tho  section 

x  from  10-15,  i.o.  to  tho  rollon  iiuving  a  mono  clearly 

expressed  loloctivity ,  m  tho  Sts  'at.  ton  and  Houghton  curvo 

tho 

(Pi g,  o).  Nona  tho  Ions,  duo  to/ emu 11  value  of  tho  tot  al 
absorption  in  thi3  fog  on  tho  theoretical  transparency  curvo 
shown  on  Pig.  21,  no  noticeable  extremes  are  revealed.  Tho 
observed  selective  absorption  exceeds  in  magnitude  tho  limit" 
which  can  be  explainod  by  tho  Stratton  and  Houghton  thoory. 

An  attempt  to  givo  a  general  theoretical  analysis 
of  the  possible  causes  for  tho  soloctivo  absorption  will  bo 
made  in  a  separate  work. 

The  fog  of  October  4th,  in  distinction  to  tho  one 
of  the  20-21  of  October,  was  of  a  comparatively  short  duration: 
it  appeared  around  5  o’clock  in  tho  morning,  and  by  9  o'clock 
it  was  completely  dispersed.  The  fog  which  appeared  tho 
following  morning  (also  a  radiation  fog,  like  that  of  Oct. 4) 
did  not  have  any  soloctivo  absorption  in  the  visible  spectrum, 
as  is  evident  from  the  transparency  ourve3  Pig.  22. 

It  must  bo  noted  that  tho  transparonoy  curvo s  on 
Pigs.  19-22  are  shown  in  the  usual  units:  for  each  day  tho 
largest  measured  transparency  is  taken  as  1.  Thus  those 
curvo3  do  not  givo  absolute  values  for  transparency  but  tho 
change  in  transparency  according  to  tho  .spectrum. 
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shown,  that  In  tho  majority  of  canon  it  is  not  possible  to 
give  oven  on  approximate  explanation  for  tho  factual 
transparency  of  natural  fogs  for  visiblo  and  infra-rod  rnya, 
if  v;o  limit  ourselves  to  tho  Stratton  and  Houghton  theory. 

As  shown  by  numerous  data,  tho  majority  of  natural  fogs  are 
composed  of  large  drops  (r^*- 2 .2/^  ) :  if  wo  tnko  into  account, 
as  has  always  boon  dono  up  to  now,  only  those  drops  which 
cun  bo  observed  by  photomicro graphic  mothods  we  cannot  explain 
tho  actual  gain  of  infra-rod  rays  in  relation  to  tho  visible, 
from  tho  point  of  view  of  batter  transparency  which  so  of ton 
occurs  in  reality.  Such  a  3tute  of  affairs  cannot  bo 
considered  satisfactory  eit'nor  from  u  thoorotlcul  point  of 
view  or  from  a  practical  uttitudo  towards  tho  investigation 
of  fogs,  Tho  existonco  of  submicro3copio  drops  In  natural 
Togs  opens  up  important  perspectives.  Tho  of 

po...rl?.ntlon  measurements  curriod  out  simultaneously  with 
the  spoctrophot omatric moasuromonts  for  tho  transparency 
prosonta  groat  possibilities  for  the  solution  of  this  problem. 
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In  conclusion  we  wish  to  express  gratitudo  to 
E.  P.  Smirnov  for  placing  at  our  disposal  the  materials  for 
s*;bmicrophotgranhic  measurements  on  the  structuro  of  fog3 
which  wore  widely  utilized  in  this  work. 
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with  monochromator;  5  -  the  apparatuc  for  the  observation  of  the  fog  composition; 
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The  optical  part  of  the  photoelectric  Installations  A  -  the 
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